objective Preventive chemotherapy is the WHO-recommended control method for soil-transmitted helminthiases. In the Bolivian Chaco, 6-monthly single-dose mebendazole delivery to school-age children achieved a dramatic decrease in soil-transmitted helminthiases prevalence between 1987 and 2013. Consequently, in September 2016, preventive chemotherapy delivery was interrupted in nine rural communities. In compliance with WHO recommendations, we intensified surveillance to monitor soil-transmitted helminthiases prevalence and detect potential changes that would require interventions.
Introduction
Soil-transmitted helminthiases (STH) are the most prevalent neglected tropical diseases (NTD) worldwide. In low-and middle-income tropical and subtropical countries, they present a significant public health problem intertwined with poor socio-economic conditions. STH are among the NTDs that are being controlled through preventive chemotherapy (PC), whereby anthelmintic drugs such as albendazole or mebendazole are periodically administered to high-risk groups, for example school-age children (SAC) [1] . At global level, PC coverage for STH increased steadily in the last decade, reaching 69.5% of the target SAC and 50.8% of pre-SAC population in 2016 [2] .
The Bolivian Chaco is a semiarid and sparsely populated region, located in the south-east of Bolivia. Since 1985, a mass deworming programme, based on 6-monthly single-dose mebendazole delivery to SAC, has been administered in Bolivia and achieved impressive results at least in the Bolivian Chaco. Parasitological surveys conducted in this area 25 years apart documented a dramatic reduction in STH prevalence between 1987 and 2013: prevalence of hookworm dropped from up to 50% to 0.4-1.3%, of Ascaris lumbricoides from 19% to 0.9-1.5% and of Trichuris trichiura from 19% to 0% [3] [4] [5] . The same studies showed no substantial change in the prevalence of tapeworms and protozoan intestinal infections during this time, suggesting that environmental faecal contamination caused by inadequate sanitation, poor hygiene and unsafe drinking water persists in the Bolivian Chaco. As STH epidemiology is expected to change after several rounds of drug administration, a parasitological assessment should be periodically repeated in the areas of PC intervention and frequency of PC administration adjusted according to the STH prevalence [6] . Based on the recent findings documenting a low STH prevalence, and according to WHO recommendations, as of September 2016, local Departmental Health Services (SEDES) interrupted PC delivery in the area of the Bolivian Chaco and started a programme of STH surveillance through annual cross-sectional parasitological surveys in sentinel sites, in order to monitor the effects of the PC scaling down on STH transmission.
Materials and methods
Study design, methods of sampling and analysis technique were defined as per WHO recommendations, aiming to obtain data representative of the Bolivian Chaco ecological zone [6] . The sample size used (n = 50 individuals) is that recommended by WHO for cluster sampling, assuming a design effect equal to 2; this sample size allows estimates to be obtained with an absolute precision of 5% and a confidence level of 95% which is considered sufficient for monitoring purposes [6] [7] [8] .
The first cross-sectional parasitological survey was conducted in September 2016, in nine primary schools randomly selected as sentinel sites in the rural areas of Cordillera Province (Department of Santa Cruz) and Gran Chaco Province (Department of Tarija) (Figure 1) . In each school, a minimum of 50 third graders was enrolled who usually were 8-9 years old; children from higher classes were enrolled when the number of thirdyear pupils was less than 50. Demographic and anthropometric (weight and height) data were recorded through a questionnaire, filled in the presence of a parent or a legal guardian of the child. Each participant received a stool container, together with the instructions about the correct method to collect the specimen. Stool samples were analysed for intestinal parasites by direct wet mount and Kato-Katz technique (one thick smear on a single stool sample from each individual), by double-blinded reading, after calibration of microscopes; faecal examination was performed in accordance with WHO-recommended procedures [9] . Twelve months later, we conducted the second cross-sectional study in the same nine communities, using the same methodology.
Data were entered into Microsoft Excel 2010 software (Microsoft, Redmond, WA, USA); frequencies and percentages with 95% confidence intervals (CI) were calculated. The body mass index (BMI) of each participant was calculated as weight (measured to the nearest 0.5 kg)/[height (measured to the nearest 1 cm)] 2 . The association between BMI and the presence of any helminthic or protozoan infection, adjusted for sex and age, was analysed through a trivariate linear regression model.
Ethics
The programme was as part of the agreement between the Ministry of Health of Bolivia and the University of Florence, Italy, in collaboration with the SEDES of Santa Cruz and Tarija and with the support of the Guaran ı political organization (Asamblea del Pueblo Guaran ı). The study was approved by a local Ethics Committee (Colegio M edico de Santa Cruz, TDEM CITE No. 005/2016), and written informed consent was obtained from a parent or a legal guardian of each enrolled child.
Results
The number of school-age children enrolled in the study was 519 in 2016 (50% females, mean age 9.4 years) and 581 in 2017 (51% females, mean age 9.8 years); the response rates were 82% (426/519) and 90% (520/581), respectively; only 3 STH infections were documented in 426 samples in 2016 (all hookworms, prevalence 0.7%, 95% CI 0-1.5%), and in 4 of 520 samples in 2017 (three hookworms and one A. lumbricoides, prevalence 0.8%, 95% CI 0-1.5%). In all cases, the children were infected at light intensity (<2000 and <5000 eggs per gram of faeces for hookworm and A. lumbricoides, respectively) [10] ; there were no cases of T. trichiura infection. In both surveys, Hymenolepis nana was the most frequent helminthic infection (13% in 2016 and 12% in 2017). Conversely, we found high rates of intestinal protozoan infections (81% in 2016 and 75% in 2017), with Blastocystis sp. as the most common protozoan parasite (50% in 2016 and 54% in 2017), followed by Entamoeba coli (27% in 2016 and 26% in 2017) and Endolimax nana (26% in 2016 and 22% in 2017). We also found that polyparasitism, defined as any two helminthic and/or protozoan and/or mixed infections, was frequent (58% in 2016 and 43% in 2017, respectively). Details are shown in Table 1 . No statistical associations were found between BMI and the presence of any helminthic or protozoan infection neither in 2016 nor in 2017 (data not shown).
Discussion
Our results confirm that sustained reduction in STH prevalence has been achieved in the subnational area of the Bolivian Chaco, which warranted interruption of PC as recommended by WHO. These data confirm the findings of two previous point-prevalence studies and are further corroborated by the low positivity rates found through routine copro-parasitological investigation from the main hospital laboratory services of this area (Hospitales Municipales de Camiri, Charagua Villa Montes, Yacuiba and Monteagudo) (Fernando Ram ırez, Rosario Justiniano, Ana Liz Villagr an, Evelyn Illescas, Yuni Lara personal communications) [4, 5] . 2016 and 2017 were light, while in 1990 moderate and heavy infections comprised 1.1% of A. lumbricoides and 5.6% of hookworm infections [11] . The drop of T. trichiura prevalence from 20% in 1987 to the current 0% is remarkable, given the considerable variation in the efficacy of single-dose benzimidazole reported across trials against this parasite. This can be explained by the low infection intensities seen in the Bolivian Chaco in 1990 [11, 12] . Reality seems to have exceeded expectations; a Bayesian geostatistical model predicted for the Chaco region the STH prevalence to range 50-63% in different provinces among 5-to 14-year-old children [13] . Possible reasons for such discrepancy are that the STH prevalence data used were small in size and covered a short time and that the possible impact of PC intervention was not considered among the model variables, due to uncertainties as to whether it was effectively implemented in Hymenolepis nana and Giardia intestinalis trends were also shown as examples of faeco-oral transmitted parasites. Study population was constituted by general population in 1987 (n = 381) [3] and 2013 (n = 223) [5] , preschool-and school-age children (SAC) in 1990 (n = 179) [11] and 2011 (n = 268) [4] and only SAC in 2016 (n = 426) and 2017 (n = 520). In 1987 and 2011, the surveyed areas included both rural and urban areas, while other surveys were limited to rural areas.
Bolivia. Although spatial modelling of STH epidemiology has become a popular way in the absence of empirical data to inform decisions regarding the geographic areas and the size of the at-risk population to be targeted with mass drug administration, these findings stress the need for strengthening disease surveillance to reduce uncertainty in the models and better inform decision-making [14] . According to the WHO cut-off suggested for the change in frequencies of PC, the level of prevalence recorded in the Bolivian Chaco justifies a suspension of PC compounded by annual surveillance at sentinel sites in order to identify early a possible recrudescence [8] . Despite the very limited number of cases positive for STH and the very low intensity of infection, it is prudent not to claim elimination: in the WHO terminology, 'elimination' entails zero incidence of the infection, which cannot be unquestionably proven in the current state of things [15] . One reason is that, due to the low sensitivity of the diagnostic test used routinely (a single Kato-Katz smear on a single stool specimen), one cannot exclude all low-intensity infections and thus cannot assert that zero incidence has really been reached. A more sensitive test (e.g. more samples and smears) applied to a much larger sample size would indeed increase the test sensitivity and predictive values, but the higher human and financial resources required would be hardly justified. Even should one have greater confidence that elimination has been achieved, the substance would not change -it would still be interruption of PC and surveillance. Another reason is that only school-age children are investigated, and we do not know the prevalence of infections in the other age groups. Finally, the Chaco is sparsely populated (less than 7 inhabitants/km 2 [16] ); this can be one of the reasons why STH prevalence is so low despite the permanent poor sanitation and may not be representative of more densely populated areas.
As there is as yet little experience of frequency reduction or suspension of mass drug administration, it is not possible to predict whether this condition will be permanent or whether and when STH prevalence will gradually revert to its original levels. Suspending PC must be accompanied by strengthened STH surveillance to detect any change in infection prevalence and institute adequate response measures, such as restoring PC. Accordingly, annual cross-sectional surveys in the Bolivian Chaco sentinel sites have been planned for the next years. According to WHO recommendations, PC frequency should now be reduced to every other year, but it could be further deferred should the next surveys show unchanged low prevalence [6, 17] .
Several factors other than PC could have influenced the drop in STH prevalence. In Bolivia, the human development index (HDI) and the infant mortality rate (IMR) -two proxies for social and health conditionshave steadily improved in the last 25 years [18] . Furthermore, Bolivia has recently experienced economic growth, reducing poverty from 63% to 39% of the population, between 2004 and 2015 [19] . However, in rural areas of Bolivia, access to improved sanitation is still poor (33%), safely managed services are lacking, and 40% of people still practice open defecation [20] . The persisting high prevalence of protozoan parasite intestinal infections (E. coli, Giardia intestinalis and Blastocystis spp.), as well as other faecal-oral infections, confirms that hygienic and sanitary conditions continue to be inadequate in the Bolivian Chaco [21] . Moreover, an analysis of the major climate indicators (temperature and annual precipitation) potentially affecting STH transmission dynamics did not show significant changes during the last 30 years (Fabbri C, Messeri A, Orlandini S, unpublished data).
Therefore, along with the programmed STH surveillance activities, a health education intervention inspired by WAter, Sanitation and Hygiene (WASH) principles will now be implemented in the same areas of the Bolivian Chaco, to promote healthy behaviours and reduce the transmission of faeco-oral infections.
Finally, as recommended by WHO/PAHO in recent years, a national survey, involving areas from all the ecological zones of Bolivia, is now warranted, to provide solid epidemiological data about STH distribution and the size of the population at risk of infection and update the national PC intervention strategy [22] .
